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LIGHT-EMITTING DIODE PACKAGE STRUCTURE 

CROSS-REFERENCE TO RELATED APPLICATION 
5 This application claims the priority benefit of Taiwan application serial no. 

92134974, filed on December 11, 2003. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

10 [0001 ] The present invention relates to a light-emitting diode (LED) package 

structure. More particularly, the present invention relates to a light-emitting diode 
package, which can enhance the efficiency thereof 

Description of the Related Art 

15 [0002] Light-emitting diode fabricated using a semiconductor compound formed 

from group III-N semiconductors is a light emitter with a wide bandgap. In general, 
the light-emitting diode is able to emit light with a wide specrum, that is, from the 
infrared to the ultraviolet. The basic structure of an LED device includes a P-type and 
an N-type epitaxial layer fabricated using a compound of the III-V semiconductors and 

20 a light-emitting layer sandwiched between the two epitaxial layers. In general, the 

light-emitting efficiency of the LED device depends on the internal quantum efficiency 
of the light-emitting layer and the light extraction efficiency of the device. The 
internal quantum efficiency can be increased through any improvement in crystal 
quahty and the structural design of the light-emitting layer. The light extraction 
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efficiency, on the other hand, can be increased through a reduction in the energy loss 
due to total internal reflection of light emitted by the hght-emitting layer within the 
LED chip. 

[0003] At present, the anode and the cathode of a gaUium nitride (GaN) LED 

device grown on sapphire are set up on the same side with both the anode and the 
cathode capable of reflecting Ught. Hence, most high efficiency GaN/sapphire LED 
deploys a flip-chip package design so that the anode and the cathode face the non- 
transparent package substrate called submount. Furthermore, a reflective layer is also 
formed on the epitaxial layer facing the package substrate so that most of the light is 
emitted from the opposite side of the anode and the cathode. Another advantage of 
using a flip-chip design is that, together with a suitable sub-mount such as a silicon 
substrate, the thermal characteristics of the device can be enhanced when the device 
operates with a large current. As a result, not only is the light extraction efficiency of 
the LED increased, the intemal quantum efficiency of the LED is also sustained due to 
rapid heat dissipation. 

[0004] In the aforementioned light-emitting diode with a flip-chip package 

design, the degree of shielding by the non-transparent anode and cathode is greatly 
reduced so that overall light-emitting efficiency is increased. In addition, the rate of 
heat dissipation fi-om the device is also increased so that the device can have a longer 
lifetime. However, light emitted from the lateral surfaces of the light-emitting diode is 
never utilized effectively. 
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SUMMARY OF THE INVENTION 
[0005] Accordingly, one objective of the present invention is to provide a light- 

emitting diode package with a patterned conductive-reflective film therein for 
increasing the light-emitting efficiency. 
5 [0006] To achieve these and other advantages and in accordance with the 

purpose of the invention, as embodied and broadly described herein, the invention 
provides a light-emitting diode package structure. The light-emitting diode package 
structure comprises an insulating sub-mount, a first pattemed conductive-reflective film, 
a second pattemed conductive-reflective film and a light-emitting diode chip. The 

10 insulating sub-mount has a first surface with a cavity therein. The first pattemed 

conductive-reflective film is set up on a portion of the first surface, a first sidewall of 
the cavity and a bottom surface of the cavity. The second pattemed conductive- 
reflective film is set up on a portion of the first surface, a second sidewall of the cavity 
and a bottom surface of the cavity. The light-emitting diode chip is positioned inside 

15 the cavity of the insulating sub-mount. The hght-emitting diode has a pair of 

electrodes. The electrodes are electrically connected to the first pattemed conductive- 
reflective film and the second pattemed conductive-reflective film respectively. 
[0007] According to the aforementioned stmcture, the hght-emitting diode 

package further comprises a pair of bumps set up between each electrode of the light- 

20 emitting diode and the first pattemed conductive-reflective film and the second 
pattemed conductive-reflective film respectively. Furthermore, the bumps are 
fabricated using lead-tin, Au or Au-Sn alloy or a conductive material, for example. 
The insulating sub-mount is fabricated using aluminum nitride (AIN), GaAs, SiC, boron 
nitride (BN), beryllium oxide (BeO), zinc oxide or silicon, for example. In addition. 
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the light-emitting diode package further includes a pair of bonding pads set up on the 
first patterned conductive-reflective film and the second patterned conductive-reflective 
film respectively. The bonding pads are suitable for connecting electrically with an 
external printed circuit board. Note that the sidewall and the bottom surface of the 
5 cavity in the light-emitting diode package forms an obtuse angle. 

[0008] This invention also provides an alternative light-emitting diode package 

structure. The light-emitting diode package structure comprises a semiconductor sub- 
mount, a first patterned conductive-reflective film, a second pattemed conductive- 
reflective fihn and a light-emitting diode chip. The semiconductor sub-mount has a 

10 first surface with a cavity therein. The first pattemed conductive-reflective film is set up 
on a portion of the first surface, a first sidewall of the cavity and a bottom surface of the 
cavity. The second pattemed conductive-reflective film is set up on a portion of the 
first surface, a second sidewall of the cavity and a bottom surface of the cavity. The 
light-emitting diode chip is positioned inside the cavity of the insulating sub-mount. 

15 The light-emitting diode has a pair of electrodes. The electrodes are electrically 
connected to the first pattemed conductive-reflective film and the second pattemed 
conductive-reflective film respectively. 

[0009] According to the alternative embodiment of this invention, the light- 

emitting diode package further comprises a pair of bumps set up between each electrode 
20 of the light-emitting diode and the first pattemed conductive-reflective film and the 

second pattemed conductive-reflective film respectively. Furthermore, the bumps are 
fabricated using lead-tin alloy Au-Sn, Au or other conductive material, for example. 
The light-emitting diode package further includes a pair of bonding pads set up on the 
first pattemed conductive-reflective film and the second pattemed conductive-reflective 
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film respectively. The bonding pads are suitable for connecting electrically with an 
external printed circuit board. Note that the sidewall and the bottom surface of the 
cavity in the light-emitting diode package forms an obtuse angle. 
[0010] Furthermore, in the alternative embodiment of this invention, the 

5 semiconductor sub-mount is fabricated using silicon or gallium arsenic compound, for 
example. Note that the semiconductor sub-mount comprises a first conductive type 
semiconductor sub-mount, a second conductive type region and an insulating layer. 
The first conductive type semiconductor sub-mount has a second conductive type region. 
The insulating layer is set up over the first conductive type semiconductor sub-mount. 

10 One of the electrodes is electrically connected to the second conductive type region but 
electrically isolated from the first conductive type semiconductor sub-mount through 
the insulating layer. In the aforementioned light-emitting diode package, the first 
conductive type semiconductor sub-mount is an N-doped material layer and the second 
conductive type region is a P-doped material layer. Alternatively, the first conductive 

15 type semiconductor sub-mount is a P-doped material layer and the second conductive 
type region is an N-doped material layer, for example. 

[001 1] Accordingly, the light-emitting diode package of this invention has 

patterned conductive-reflective films therein for deflecting light emerging from the 
lateral surfaces of the light-emitting diode to an output surface. Thus, the light- 
20 emitting diode package can have a higher light emission efficiency. 

[0012] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] The accompanying drawings are included to provide a further 

understanding of the invention, and are incorporated in and constitute a part of this 
specification. The drawings illustrate embodiments of the invention and, together with 
5 the description, serve to explain the principles of the invention. In the drawings, 

[0014] Fig. 1 is a perspective view of a light-emitting diode package according 

to a first preferred embodiment of present invention. 

[0015] Fig. 2 is a schematic cross-sectional view of a light-emitting diode 

package according to the first preferred embodiment of present invention. 
10 [0016] Fig. 3 is a schematic cross-sectional view of a light-emitting diode 

package according to a second preferred embodiment of present invention. 
[0017] Fig. 4 is an equivalent circuit diagram of the light-emitting diode 

package according to the second preferred embodiment of present invention. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 8] Reference will now be made in detail to the present preferred 

embodiments of the invention, examples of which are illustrated in the accompanying 
drawings. Wherever possible, the same reference numbers are used in the drawings 
and the description to refer to the same or like parts. 

20 [0019] Fig. 1 is a perspective view of a light-emitting diode package according 

to a first preferred embodiment of present invention. Fig. 2 is a schematic cross- 
sectional view of a light-emitting diode package according to the first preferred 
embodiment of present invention. In fact. Fig. 2 is a cross-section along line I-F in Fig. 
1 . As shovra in Figs. 1 and 2, the light-emitting diode package structure of present 
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invention comprises an insulating sub-mount 100, a first patterned conductive-reflective 
film 1 10, a second patterned conductive-reflective film 112 and a light-emitting diode 
chip 120. The insulating sub-mount 100 has a first surface 102 with a cavity 104 
therein. The insulating sub-mount 100 is fabricated using aluminum nitride (AIN), 
5 boron nitride (BN), beryllium oxide (BeO) or silicon, for example. Typically, the 
insulating sub-mount 100 has a high heat-dissipating capacity. The cavity 104 in the 
insulating sub-mount 100 fiuther comprises a first sidewall 104a, a second sidev^all 
104b and a bottom surface 104c. The pattemed conductive-reflective film 1 10 is set 
up on a portion of the first surface 102, the first sidewall 104a of the cavity 104 and the 
10 bottom surfacel04c of the cavity 104. Similarly, the pattemed conductive-reflective 
film 1 12 is set up on a portion of the first surface 102, the first sidewall 104b of the 
cavity 104 and the bottom surface 104c of the cavity 104. 

[0020] The light-emitting diode chip 120 is set up in the cavity 104 of the 

insulating sub-mount 100 using a flip-chip bonding technique. The light-emitting 

15 diode chip 120 has a pair of electrodes 122 and 124. A pair of bumps 130 and 132 is 
set up on the respective pattemed conductive-reflective films 110 and 112. In addition, 
the bumps 130 and 132 are electrically connected to the electrodes 122 and 124 of the 
light-emitting diode chip 120 respectively. It should be note that the hght-emitting 
diode package of this embodiment fiirther comprises a pair of bonding pads 140 set up 

20 on the first pattemed conductive-reflective film 1 10 and the second pattemed 

conductive-reflective film 1 12 for electrically connecting with an external printed 
circuit board (not shown). The type of electrical connection includes wire bonding, for 
example. Furthermore, the first sidewall 104a and the bottom surface 104c of the 
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cavity 104 as well as the sidewall 104b and the bottom surface 104c form an obtuse 
angle. 

[0021] As shown in the aforementioned light-emitting diode package, Ught 1 50 

from the light-emitting diode chip 120, especially the light output from the lateral 
5 surfaces of the light-emitting diode chip 120, is deflected through the patterned 
conductive-reflective films 110 and 1 12 to a light-emerging surface (not shown). 
Hence, light emission efficiency of the light-emitting diode 120 is increased, 
[0022] In the first embodiment of this invention, the insulating sub-mount is not 

necessarily fabricated using insulating materials such as the aforementioned aluminum 

10 nitride, silicon, boron nitride or beryllium oxide. The sub-mount can be fabricated 
using a conductive material such as a semiconductor material. A semiconductor sub- 
mount is used in the following light-emitting diode package. 
[0023] Fig. 3 is a schematic cross-sectional view of a light-emitting diode 

package according to a second preferred embodiment of present invention. Fig. 3 is a 

15 cross-section along line I-F in Fig. 1. As shown in Figs. 1 and 3, the Ught-emitting 
diode package structure comprises a semiconductor sub-mount 200, a first patterned 
conductive-reflective film 210, a second patterned conductive-reflective film 212 and a 
light-emitting diode chip 220. The semiconductor sub-mount 200 has a first surface 
202 with a cavity 204 therein. The cavity 204 in the semiconductor sub-mount 200 
20 further comprises a first sidewall 204a, a second sidewall 204b and a bottom surface 
204c. The semiconductor sub-mount 200 comprises an N-doped silicon substrate (not 
labeled), a P-doped region 208 and an insulating layer 206, for example. The 
insulating layer 206 is set up over a portion of the N-doped silicon substrate (unlabeled) 
and the P-doped region 208. The insulating layer 206 is fabricated using silicon 
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dioxide, for example. The patterned conductive-reflective film 210 is set up on a 
portion of the first surface 202, the first sidewall 204a of the cavity 204 and the bottom 
surface 204c of the cavity 204. In other words, the patterned conductive-reflective 
film 210 is set up on a portion of the N-doped silicon substrate (unlabeled) to form an 
5 ohmic contact. Similarly, the patterned conductive-reflective film 212 is set up on a 
portion of the first surface 202, the first sidewall 204b of the cavity 204 and the bottom 
surface 204c of the cavity 204. In other words, the patterned conductive-reflective 212 
and the P-doped region 208 are electrically connected (to form an ohmic contact). 
Moreover, the N-doped silicon substrate (unlabeled) and the P-doped region 208 are 

10 electrically isolated through the insulating layer 206. 

[0024] The light-emitting diode chip 220 is set up inside the cavity 204 of the 

semiconductor sub-mount 200 using a flip-chip bonding technique. The light-emitting 
diode chip 220 has a pair of electrodes 222 and 224. The electrode 222 is an anode set 
up on the P-doped layer and the electrode 224 is a cathode set up on the N-doped layer, 

15 for example. A pair of bumps 230 and 232 is set up on the respective pattemed 
conductive-reflective films 210 and 212. The bumps 230 and 232 are electrically 
connected to the electrodes 222 and 224 of the light-emitting diode chip 220 
respectively. Note that the light-emitting diode package of this embodiment fiirther 
comprises a pair of bonding pads 240 set up on the first pattemed conductive-reflective 

20 film 210 and the second pattemed conductive-reflective fibn 212 for connecting 

electrically with an external printed circuit board (not shown). The type of electrical 
connection includes wire bonding, for example. 

[0025] In the second embodiment of this invention, the semiconductor sub- 

mount 200 may have a P-doped silicon substrate and an N-doped region. Thus, the 
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electrode 222 is set up on the N-doped layer of the light-emitting diode chip 220 and the 
electrode 224 is set up on the P-doped layer of the light-emitting diode chip 220, and the 
doped region 208 is n-type material. 

[0026] Note that the semiconductor sub-mount in the second embodiment has an 

N-doped silicon substrate and a P-doped region 208. Thus, a shunt diode circuit is 
formed so that any unexpected electrostatic discharge that may result in some damage to 
the light-emitting diode chip is bypassed. Fig. 4 is an equivalent circuit diagram of the 
light-emitting diode package according to the second preferred embodiment of present 
invention. As shown in Fig. 3 and 4, the equivalent circuit of the light-emitting diode 
structure comprises a light-emitting diode 300 and a shunt diode 400. The shunt diode 
400 is a silicon-doped diode, for example. To prevent any electrostatic discharge from 
damaging the Ught-emitting diode 300 during operation, the shunt diode 400 and the 
light-emitting diode 300 are connected in parallel. Because the shunt diode 400 
operates in the breakdown region, the diode 300 is maintained in a conductive state. 
When a positive bias voltage is applied to the V+ and the V- terminal of the light- 
emitting diode 300, the carrier passing through the P-N junction of the Ught-emitting 
diode 300 generates a forward current so that the light-emitting diode 300 emits light. 
However, when an abnormal voltage is applied or when there is an electrostatic 
discharge, the excess vohage will be discharged through the shunt diode 400 operating 
in the breakdown region. Hence, abnormal current bypasses the light-emitting diode 
300 to prevent any damage. 

[0027] In summary, major advantages of the light-emitting diode package 

according to this invention include: 
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1 . A light-emitting diode chip is flip-chip bonded to the cavity of an insulating 
sub-mount. Furtheraiore, the insulating sub-mount has pattemed conductive-reflective 
films thereon for reflecting light emitted from the lateral surface of the light-emitting 
diode to the light emerging surface. Hence, the light emission efficiency of the light- 

5 emitting diode is increased. In addition, the insulating sub-mount can be fabricated 
using a material with high heat-dissipating capacity such as aluminum nitride, boron 
nitride or zinc oxide. As a result, the average working life of the light-emitting diode 
is extended. 

2. A light-emitting diode chip is flip-chip bonded to the cavity of a 

10 semiconductor sub-moimt. Furthermore, the semiconductor sub-mount has pattemed 
conductive-reflective films thereon for reflecting light emitted from the lateral surface 
of the light-emitting diode to the light emerging surface. Hence, the light emission 
efficiency of the light-emitting diode is increased. In addition, the semiconductor sub- 
mount has a shunt diode that prevents any electrostatic discharge from damaging the 

15 light-emitting diode chip. Thus, the average working life of the light-emitting diode 
chip is extended. 

3. The Ught-emitting diode chip is flip-chip bonded to the bottom surface of the 
cavity structiwe inside the sub-mount. Hence, overall thickness of the light-emitting 
diode package is reduced. 

20 [0028] It will be apparent to those skilled in the art that various modifications 

and variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended that 
the present invention cover modifications and variations of this invention provided they 
fall within the scope of the following claims and their equivalents. 
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